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Traditional Iocu:tion thecry, a relatively recent brapich of economics, has 
focused prin-aril)' on locating organizations v;hich rianufacture material comircodities. 
The present paper extends this work into the domin of information processing 
firms by atteiuptiivg to optiir/ally locate a research, and development agency 
accord in-.g to its infonT],ation processing f?jnctions. 

Tne teclmique used to conduct the study consisted of identifying possible 
Mltemative research location areas within the continental United States, 
exarninLng the costs c£ performing the research functions at each location, ajid 
using linear optini'i zation to select that location which minijiiizes such costs, 
k-cations were determined by iinposing a fifty-by-fifty-mile grid on a map of 
the U.S. Electrical power costs for each location were calculated as were the 
costs associated with transporting a representative sanxple of material inputs 
from their present sources to each of one thousand three hundred twenty- five 
potential locations, A function was fonnulated to account for the acquisition, 
use, and transfer of information. This infomation function was operationalized 
as the cost of travel to ajnd from universities, industries, government installa- 
tions, and conferences. - DnLVironmental requirements (i.e., weather and altitude), 
were also imposed to identify those sites which meet performance criteria. 

Two separate analyses were undertaken. The first analysis examined 
currently existing Lnfonnation sources; the second postulated an ideal infer- - 
mat ion supply surface and attempted to maximize information input from that 
ideal source. Tlie results indicated that tlie federal research and development 
agency was optimally located within organizational constraints. The utility of 
the procedures for locating infom^.ation processing organizations was also 
demonstrated. 



Location 



I . imODUCTION AND STATBEnT OF PROBLBl 

One of the major problems facing both well-established and new organizations 
is the selection of optimal locations for facilities. Irs significance lies in 
the fact that site location will have major effects on both productivity and 
efficiency. The problem is basically 'that of defining an organizations' relevant 
environment, those aspects of the physical and economic worlds with which an 
organization seeks to maximize contact. There are, of course, numerous dimensions 
to the problem, but the search for solutions always rests on the belief that 
maximizing this releva/it environment will maximize productivity and efficiency. 

Prior to the early 1960's, the location of most organizations was pretty 
iirach an historical accident. During the early 1960 's several methods were 
developed for locating manufacturing organizations according to optimal criteria. 
Typical constraints in these early location analyses were such factors as 
proximity to raw inputs, proximity to the marketplace, transportation costs, 
availability of labor arid so forth. Unfortunately, these early models of 
manufacturing firms are of little use when it comes to organizations which 
primarily produce information rather than physical commodities and goods, i.e., 
to research and development organizations. The relevant environment for 
manufacturing organizations is quite different from that of organizations 
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predc-in^unly concerned v;ii:h tlie r:rC''i;CT l- ::": inf omnr icn . 

T^iis pT0ble:n Je fines the f-^cus of this p:iPvr: We shall attempt to extend 
traditional Iccational analyses to the problem of locating an inroniiation 
rather than eeniir:cJi ties processing oryani ::aticrj . A federal agency, v;hose primary 
mission is research and develor-r.ent , v.il] be used as an exemplar o£ an informatioi 
eroce^s'n^- oroanicaticn. To accoiin^lish the location task two separate analyses 
vdll be imdertaKen. .^Jialysis I will attempt to detemrdne where the research 
and development functions perfcp.-med by the Agency should be located based upon 
current infom;iation and niaterial sources so as to maximize research efficiency 
auid minimize cost. Analysis 11 will use the same locational procedure with 
the exception that optimial potential information sources will be substituted 
for current ones. 'Hiese sources consist of the highest rated universities 
and industries throughout the continental United States that can meet the 
research ^md development needs of the Agency. Both analyses are based upon 
the branch of economics known as location theory and will locate the research 
complex via mathematical prograjuming techjiiques applied simultaiieously to its 
material arid information inputs. 

11. iTih R(^LI: OF IXR^RMMIOX IN LOGMING VmRY 

'Iraidit ional b ':atien theoa^/ has concentrated on conditions to be satisfied 
in ihi: iplacini- of firms, industries, and organizations that produce predominantly 
])hysical commodities rather thaji infoimiation. ^liis theory has a long history 
in thiO econoniic liteiviture and began as part of general equilibrium thecr7 in 
the wort.s of Von Tluinen (1S46) , Weber (1929). Launhav Jt (1882) , and Losch (1954), 
and has resulted in the more contcmi^oriiiy theories of Hoover (1948), Isard (1950), 

6 



Location 
3 



Keber^s classical studies concentrated on different aspects of the problems 
of locating single factories and problems connected with the creation of 
agglomerations. There are a number of assunptions common to all so-called 
Weber models. They deal with single products. Any products of differing 
quality, though of sijnilar type, are treated as different products. All input 
sources are assumed to be known. Similarly, all output destinations are assumed 
to be known. It is assumed that there exists a number of fixed places where 
labor, at fixed known wages is available in unlimited quantities and, finally, 
transportation costs are a function of distance and weight. 

In looking at the problem of locating a single factory, Weber admitted 
the possibility that several alternative locations may supply any factory with 
a given input. He did not provide any satisfactory discussion of the inplication 
of such a situation for the fonn of a profit function "which includes transport 
cost and the location of a factory. Usually, in Weberian models, it is thus 
assumed that trade partners of any factory and their locations are given. 

Von Thunen and Weber both attempted to create abstract location theories 
which were consistent with general equilibrium solutions. Von Uruncii concen- 
trated on developing laws wliich determine production best carried out at any 
given place, restricting his analysis to agi'^oxltural production and land rent 
as influenced by distance from the marketplace • The majority of such location 
theory, consonant with general equilibrium analysis while nicely illuminating 
a number of theoretical problesns has proven con5)aratively useless for the 
analysis of real world location situations • 

Recent research in industrial location theory, while only peripherally 
concerned with form[ulation of general theory, has still concentrated mainly on 
industrial and organizational units which produce physical commodities rather 
than information. With few exceptions, the majority of research has followed 
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a partial e<>ui]ibTiiin approach which holds fixe^: z]\e locations and costs of 
all resources. 

The svibstitution principle is the Twost comrion procedure used to reia-x such 
assun^pticn?. If^ for exaiuple, one is gi^-^en differences in transportation costs 
as a function of distance, one can then determine an equilibrium site for a 
plant or organization manufacturing physical conmodities, which minimizes total 
transportation costs of input and output distance. The initial site costs then 
can be re- evaluated via the introduction of another geographic factor variation, 
say labor. LV'^or ccsc savings at site tvo may compensate for additional trans- 
portation costs entailed by locating at the second site. 

Isard (1956) is tlie foremost advocate of the use of the substitution 
principle for developing location theoiy. He asserts that it is only because 
of const/mt variations of prices and costs over space that location theory malces 
sense at all, and further, that such variations are constant only because trans- 
port cost is a function of distance. *The problem of production becomes a 
problem choosing the right combination of the various types of capital, labor, 
land, and the transport inputs" (p, 28). ^^ost of Isard's location work is based 
on the concept of the transport input as a, representation of any economy's 
spatial relations, vvhere such an input is understood simply as the movement of 
a unit of weight over a distance. 

Now, although the substitution principle compactly shows how spatial trade- 
offs enter economic theory, real problems develop when we attempt to apply such 
an aiiaJy^is to empirical observ^ations. First, location criteria must not be 
merely a tradeoff of one factor against another, but involves the mutual inter- 
dependence of all factors simultaneously. For another, even when transportation 
costs are included in a profit function, such costs, £er se , in most production 
location decisions, have come to be recognized empirically as a comparatively 
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uniriportant factor. KarasKa and ErarJiall (1969, p. 7) eirrphasize this point: 
^'In only a £ev industries --hea\y ihanufacturing and bulk processing like iron 
and steel and petroleum refining- -is the transport likely to be a determining 
factor/' However, they continue, 'This is not to conclude that the transport, . , 
is negligible or unimportant, but rather that it needs to be re-exairdned and 
redefined in terms of the ob served communication patterns and face-to-face contacts 
(our onphasis) 

In the present study, these factors are explicity incorporated. This 
situation is consonant with the general trend in the U.S. economy as discussed 
by .Arrov (1974), Machlup (1962), Wills (1974) and others. In 1959, Machlup 
estimated that approxiinately 29-0 of the U,S, economy was devoted to the production, 
distribution, and reproduction of information. Recently, Porat (1975) has 
undertaken a reaggregation of the ''information sector" (He includes all machines, 
workers and services devoted to the production, reproduction, and distribution 
of inforrruition) and found that approximately SO percent of the U,S, economy was 
now devoted to this information sector rather than to the production of material 
goods. Porat 's sector breakdown of the U.S, economy is shown in Figure 1, 



Insert Figure 1 about here 



The most prevalent form of analysis being used currently in location theory 
is that of linear programming. Such techniques and models have been extensively 
applied to problems in location theory since the late fifties. Works by Isard 
(19S8), Lefeber (1958), Saimielson (1952), and others, used linear programming 
techniques to model processes of trade, price relationships in multi- location 
economics, and distribution patteriiS for particular commodities, 
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Cf nore k^n^edi^-re ii^teve:^: i5 i.::e l:.:ear p-^oojaizning and heuristic n^odels 
of rhe Sveciish geoerarhic loc^tiuii :hecr:?TS (see especially Tomqvist, 1968, 
i97r;, 1971). In the r::ic-sLxties , Tcnic\'ist attempted to solve the general 
Iccstion-allccation pror'ivi-, t}>at is> hov to situate a niunber of facilities to 
ser\'e an imeverJ}* distributed population. Tomqvist devised an algorithm vhicli 
allvTwed the lacijities to seai-ch ever the population surface to find locations 
which niiiiiudze cost or tiine to get to the facilities. Since location and 
facility cap:icity can vary i:: tins 3ic;orith]Ti, lower accessibility costs of 
sr^ialler n^DPoers of large facilities cc-uld be conpared with increasing costs of 
croatijvc; rnore facilities with sir.aller capacity by runniiig the algorithm several 
tijr.es vrith different nuiTibers of facilities. 

InforTu'^.tion vais first collected from all organizations. This included 
locations of suppliers cf any inputs to the organization, total quantities used 
in one yearns production, exact destinations and total amounts of finished 
products, individual ajT.ounts of any raw materials and finished products, trans- 
portation mefins, curient product traffic, and terminal transportation charges 
for loading and unloading goods and raw materials. Materials required for a 
yearns production were assigned locations according to the position of the 
supplies, and finished products accordijig to their buyers. 

The -.actual algorithm to complete transportation costs consists of a simula- 
tion in which ciny product unit is moved tlirough hypothetical locations which 
correspond to Sweden ^s surface. The actual transportation costs for each 
location (the sui'n of trarisporting raw m.ateriais to the factory and transporting 

finished products from factoiy to mjirket) is calcoilated according to the equation 

n 
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where TC^j is the total cost of transportiiig ravv materials to location i, or total 
cost o£ transporting finished products frova i, p,. is the weight o£ raw material 
or weight of finished product, and d^^^ is the transportation cost per unit weight 
of material (Tomcvist, 1971, p- 19). 

This algorithm was then applied not rrierely to irtaterial flew but to tne 
pertinent information flows of organizations whidi required direct face-to-face 
contact among spatial distant employees. Tomqvist examined differing organiza- 
tional units (main offices and adniLnistrative boards) of which the actual contact 
patterns were 'mcwn. All such contacts for a given organization were assigned 
grid coordinates on a map of Sweden, and units being studied were then moved 
about to each of the coordinates in the calculations. At each place, the 
employees in the area being studied would carr>^ out a series of "contact programs, 
that is, they would contact the contracting ^ irties in the rest of the contact 
system. Time expenditure and costs to carry out these programs at different 
places were measured and compared in a manner similar to the material goods case 
discussed above. The computer algorithm, NORLOC, which determines the optimal 
positions for a number of facilities with respect to total transportation cost 
is disQJSsed in detail in Tomqvist (1971). 

In our work on tlie current problem, we have followed tlie lead of Tomqvist 
and done essentially what Karaska and Bramhall have suggested, that is, we liave 
defined a transport input for infomation in terms of the observed or reported 
communication pattems and face -to -face contacts'. We have then examined a 
transport cost function simultaneously for material and information inputs. 
Finally, we have repeated the process using potential sources of information. 

] I 
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By v;a>* oi cven'iew, the tech;i:q\.e5 nsed t conduct this study consist o£ 
idenvirv'ij.g Lossible alternative research Iccaticns -dthin the continental United 
Stales V examining the costs of perfonriing the research functions of a federal 
A^eno- at each location, and usir.g linear cpthTiization to select that location 
v;hich j;hn L:?.i::eir" suzh tests. hotat.iL"".> are cc-teriuined by inposing a fift)''-by 
f .ft>' iTiiie grid cn a iriap of the U,S. irlectrical power costs for each location 
are calruiated as are thi3 costs associated with transporting a representative 
^a.Ta^le of nearer ial Lni^uts from their present sources to each of one thousand 
^Jvree hundre^i rAent>^-five potential locations. 

The cost of the acquisition of information is operationalized as the cost 
of travel to and fron; universities, industries, government installations and 
ccTiferences. Environmental requi'rerrrents (e.g., weather and altitude), are also 
'jnrposed to identif>' those sites which meet the Agency's minimal research 
requ.irerients. 

A selection is tiicn made as to thic optaTiial locations for performing the 
—verified res^•r^rch activities. Tinally, major already established alternative 
locations ai e compared to determir.e tlie relative cost of conducting the Agency *s 
rr-seard": functions at these cun*ently estabiished locations. 
B. Tne Map and Dist ance Ca lculations^ 

A 50 X 50 mile grid coordinate system was constructed and superimposed 
on a map of the continental United States* liach cell was defined by its lower 
southea-st confer, numbered positively in the x and y directions starting from 
tiie upp^-^ hand cell. This procedure yielded a 36 X 58 matrix with a total 

of 1503 cells required to entirely cover the J and mass (those cells without any 
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land surface, i.e., oceans and lakes, vere omitted from further analysis). This 
map provided the basis for locating material and information sources. 

:m one cell to another was calculated by the great-circle 
met" .ii^s method of calculation, possible to compensate for 

the fact that north- south boundaries of each cell rce not perfectly parallel. 

The latitude (lat.) and Longitude (long.), in radians, of the southeast 
comer of a cell in row X and column Y are given by the following formulas, 

Lat. = .85521 - .0116355X, and 
Long. - 2.18166 - .0174533Y. 
The angle between any two vectors from the origin of a spherical coordinate 
system from Cell 1 (Lat. 1, Long. 1) to Cell 2 (Lat. 2, Long. 2) on the surface 
of the sphere, is given by 

Angle = cos""'' [(Lat.' 1) cos (Lat. 2) cos (Long. 2 - Long. 1) 

suL(Lat. l)sin(Lat. 2)] 
This angle, when multiplied by the radius of the sphere (3960 miles in the 
' case of the earth), yields the "distance between the two points. " 
C. Power 

The first criterion exajnined was availability and cost^ of electrical energy. 
The power cost at the Agency is considerable, amounting to a yearly average of 
approxijnately two and one-half million dollars. The total electrical energy 
consumed in Fyi974 was 267,521,376 kWh with an average off-peak monthly half 
hour demiand of 126^630 kW. 

Power costs, incorporating both energy and demand changes for each 50 X 50 
mile cell were acquired from the 1974 Typical Electric Bills booklet published 
by the Federal Power Commission. This publication provided power data for 
approximately 30% of the 1303. cell locations on tlie map. The power figure used 
in computing the cost for each cell was the lowest industrial rate available 

13 
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for the cities listed based upon aji eiiergy consimption of 400,000WVh and a 
demand of 40,000kW. To comimto the power costs for those ceils in which a 
power rate was not directly obtainable, a process of extrapolation was used. 
This was dor.v u) . as nvmy cells in which power was directly obtainable 

from the T>-pical i.. i3ills booklet aiid placing that figure into those cells 

that were directly adjacent to the cells from which the average was obtained. 
This allowed the power rate for each unknown cell to become a direct function 
of those rates that were rknown. The ipower data for each 50 X' 50 mile cell were 
claculated by this method witli extrapolation taking place only ^/d.thin each 
state and n_ot across state boundaries . 
D. M- aterial Input 

/mother major cost factor in the location prolplem is the transportation of 
material inputs . A total of 300 material inputs to the research complex were 
systematically selected from the agency's receiving station. The sample was 
obtained by selecting the five heaviest shipments that arrived each ^ over a 
four-month period (January -April 1975).. The five heaviest shipments, rather 
than a random sample of five .shipments per day, were selected in order to maxi- 
mize the cost of transportation relative to the cost of power. These 300 items 
represented 68% of the total input weight to the Agency. Each item was assigned 
a se*. of grid coordinates which identified its source of origin (i.e., the 
place from which it was shipped) . Weight of each item and mode of transportation 
(i.e., rail, truck, air) were also recorded. Eighty-five percent (85%) of the 
material was delivered by truck, 14^ wa-. shipped by air, and 1% was transported 
by rail. 

Truck transportation rates per pound per mile were obtained by averaging 
the estimated costs given by three trucking companies which shipped materials 
throughout the United States similar in weight to those samples in this study. 

Er|c . 14 
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Plane transportation rates per pound per mile for general comraodities were 
obtained through the Civil Aeronautics Board Tariff Book tfl69 . Rail rates were 
obtained tlirough Southern Pacific Railways. Since Southern Pacific was the 
s61e shipper in tlie materials selected for the sainple, no other shippers were 
■nited. 

)mce the cost of transportation varies as a function of distance, it '^s 
necessary to provide incremental costs for tlie modes as indicated in Table 1. 
The shipping routes used by trains and trucks are not as direct as those of 
planes. To correct for this, shipping distances of less than SOO miles were 
multiplied by a factor of 1.3. Distances greater than 500 miles were multiplied 
by a factor of 1.3S (See Tomqvist, 1971). 



Insert Table 1 about here 

These data were analyzed in the linear program to coiipute th^^^ cost of 
transporting the 300 material inputs from their original cell locations to each 
of the 1303 cells. Since the sample consisted of 68% of the total shipping 
weight, this cost value was multiplied by a factor of 1.47 to create an estimate 
of the total cost of shipping incurred by the Agency. 
E. Environmental Criteria 

After cell locations were examined for coiEparative power, material transport 
costs, and ' information input costs (to be discussed shortly), wc:ther and 
altitude criteria were applied to each cell. These criteria inclv ^ed ten5)erature, 
wind velocity and number of clear days. A review of available information 
revealed that all locations met the weather requirements specified by the Agency. 
AJ.titude remained an important environmental criterion. Cell locations with 
mean altitudes greater than 3,000 feet were eliminated as possible location sites. 
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' Ciirrent Sources Infoima t i on. _ (^Mis^J:);;^! 

As indicated earlier, the cost of acciuiriJig information is being operation- 
alizetl as the travel to and from ?.ources from which information can be gathered 
that va.ll be useful for ongoing cind further research and development within the 
\jI0nc>'. A revi.ew ^ - '^cncy's university travel records indicated that a 
uotal of 321 trips we . mde to universities during FY1975 by Agency personnel. 
For comparison with the potential sources of information in Analysis II, it was 
necessar)' to restrict tlie sample to those travel vouchers which included contract 
and/or grant numbers, in order to identify the area of contract specialization 
under which the trip was made (See Section G) , 

llie location of each university visited and the niu'^ber of trips to that 
university were records ' i.elding :i total of 66 trip:: These 66 trips are 20% 
* the total travel to ; 'versities. i^hltiplyir.p, the cost of travel calculated 
.-se 66 trips by ror of 5 provides an es; ite of the total cost of 

1 i-a '1 to universities ncy personnel. 

The pay and travel 1 ich of the Agency retains all :cords of travel to 
other locations by Agenc>^ personnel. A random sample IOtj drawn from the 
travel records of B'1975. These travel dat: were coded into three categories. 
Tne first category was trave:. to industry for the purrose of setting up contracts 
or "eviewing ccntracts ready in progress • ISO trips were recorded with 
re: ^ence to travel to ••:iustry. 

The second category -as travel tc govenament installations [e.g., NASA 
insrallations; Army, Navy, and Air Force bases]. Within this' category there 
were 212 trips. The third category was travel to conferences and/or conventions. 
In all, 62 trips to conferences and/or conventions were identified. 

The destination for each trip was recorded. V/hen multiple stops were 
included within one trip, the location that was farthest in distance from the 

id 
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agency was selected. The appropriate grid location for eacli destination and 
the niunber of trips nuide to that cell location were then coded. Since the 
sample v.as 10?; o£ the total travel, tJie cost of travel to ijidustries, government 
installations, and conferences and/or conventions were multiplied by a factor 
of 10 to provide an estimate of the total cost of travel to these facilities. 
Poten tial Sources of Information (Analysis II) 

In order to undertake the exajnination of potential rather than actual sources 
of information, it was, necessary to ascertain where the information most likely 
to be useful to the Agency could be obtained. Analysis of the Agency's research 
and vi' . lopment functions and discussions with Agency personnel suggested three 
prima— sources: universities, industry^ and conf ere nces/con vent ions. 

1. Universities , During the mont of November, 1975, a conplete review 
of the agency's travel records Cor Fiscal Year 1975 v;as conducted. The travel 
records of each branch were used to identify all travel by Agency personnel to 
universities and colleges for the purpose of monitoring contracts and/or grants. 
The Agency codes each contract arid/cr grant with a university by the area of 
contract specialization. For each trip identified, the area of contract 
specialization was " :orded. As indicated in the previous section this process 
yielded 66 trips for - le purpose of monitoring specific?: contracts and/or grants . 
These contracts and/o: ^ants fell into 11 separate areas of contract 
gp^ialization. 

Using A Rating of Graduate Programs (Roose ajid Anderson, 1970), the top 
ten universities in each area of departmental specialization were identified. 
The departmental specializations identified by Roose and Anderson (1970) were 
not identical with the areas of contract specialization used by the Agency. 
In some cases, several areas of departmental specialization were subsumed within 
one area of contract specialization. In other iistances, several areas of contract 
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specia] i::ation were subsimiod witliiii cue- urea of Ji^paruuenta] specie^ i /lation. 
T>.rou/;^) rlri5 proces.>, the eievei\ ori.uinaJ areas of contract special i?.at:Lon were 
transfo77ped,into 8 areas of departjuoircal spociaJ i zaticn. For eadi area of 
depra-tii^ental specialization, the folloKing infoimation ;vas coded: tlie number 
of trir^s made by Agency personnel to monitor contracts and/or grants in this , 
area of specialization during I'yi97S cUid the cell coordinates of the top 10 
universities witJiin that specialization. 

. As indicated earlier, the cost of -travel to tiiese uraversities was 
iiinlLiplied by a factor of 5 to yield an est.ijr.ate of the total cost of travel 
to iiruversities. 

'^^^^^JTiy^- '^"^^ ]^974_/7S Aerosjjace Facts a nd Figures providec a listing 
of t:he Tiaior industrial, contractors Kith federal agencies as of 1973. This 
listing is based upon the net value of priiae contracts awarded durin-; FY1973. 
For each industry, the major facilities used in research and development for 
govermyont agencies were identified. The cell coordinates for each facility 
wore coded. 

The 180 trips n^^de to industries by Agency personnel were distributed , 
equally across all potential indi;stri s. Since the 180 trips were based on a 
iC:; sr^jii^^le, the cost of travel to the potential industries was^ multiplied by 
a factor of 10 to create aan estimate of the, total cost of travel to the potential 
- . ,1 ^ : ^ 

Conferences and/or Convent ic:is. Rather than p)rnpo5ijig a list of 
potential government installations or con.ference and/or cor.vention sites, the 
data collected on the actual infonnation sources for these two categories were 
used. This, in effect, holds these two categories of travel constant, thereby 
peiiTiitting a comparison between the current travel costs to universities and 
industries .with tfjc cost of tr-: e] to fotential university and industrial, sites. 
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' H. Computational Algorit h'i. Tlie cost algoritlim essentially consists of 
simulation in which each of the material inputs and infomation sources are 
first ^^transported" to the first grid location and a cost value is calculated 
for that cell. This cost is added to the power cost for that cell, following 
whicli the material and information inDut . . ^ j , 

location and associated costs are added to that cell's power cost, and so forthi. 
llie following formula summarizes the computational algorithm: 

nm " n *^ 

where : 

Z.: is the total cost for cell jr: = 1, 2, . . , , 1303), 
k. is the lowest power cost in T.hejth cell for the amount of power 
consuiiied at the Agency, 

r is the average transportation rate which is mode-specific, i.e., has 

m 

differing series of values for m =^ 1, 2, 3 depending on whether the input is 
shipped by rail, truck, or plane, and further values depending on wliat distance- 
range on the specific rate schedt. e under which input distance falls, 
^iir. "^^ ^^^^ weight of :he ith input travelling by mode m, 
dj^ is the distance from the jtli input cell to the nth input cell, 
according to the great -circle method formula: 
d.^ = Angle (3960 miles) 

Angle = cos [^cosCLat. IjcosCLat. 2)cosCLong. 2' - Long. 1) + 
Long. 1) + sin(Lat. I)sin(Iat.2)] 

where: 

Lat. 1 = Latitude of Cell 1, 
Lat* 2 = Latitude of Cell 2, 
Long. 1 = I^ngitvde of Cell 1, 
Long. 2 = Longit. : of Cell 2; 
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0. rh^^ ono-wav rat.o o\ ■.>ei-sonal, air {.ciwc} over distance d. , 

in*'' ' ' j ^ i 

i- tJie rtmiber of trips i.o universities within the nth cell. 

1, ^ IS the niiHi^^er i : ^istries ! ... .jt 

is the amnber of Lrii)s lo gov^^rranent facilities vithin the nth cell, 

c.^ ; t:\c nuviber of trips to conl-erences and/or conventi.ons within tlie 
i\zr ..ell; 

5 \o tivjt'j constraints: 

k- > 18,417,351 Wsh/iiionth, i.e., the existing value of the Agency, and a' 

J 

V ribles in tlie co'st function > C. 

•In other v/ords, the expression provides the comparative cost of suppl^ ing 
ith location (i.e., v:ell) vdth an amount of pover greate- thaxi or equal 
... le amount airrently utilized by the Agenc^/ per month ^hv .accounts for a large 
•e-. :-seuLative s^uiiple of material arid info^-mation input to b^at square. Cells 
wb. \ SrAtisfictd the altitude and weather criteri:^ \vere then ranJc ordered.^* 

IV. RESULTS 

Throu^;hour this study, tv-^c separate ai.)proacr;es to the problem of facilities 
loo-^Mon have been ^^mpliasized. Analysis I solves the location problem with 
resDcct to the current sources of material and infoimational input. Analysis II 
focuses on the use of potential information sources as the locational crit ria, 
. .e., those universities with the most highly rated graduate schools and tr.ose 
industries tbiat receive the greatest prijne contracts from the Agency. The 
rc ults are presented separately for the two t>pes of analyses. 
A- Ana.vsis 1: Cur rent Sources of In formation 

. . tc-:.^ of thirteen hundred three (1303) cell locations were tested for 
r~ibinc-d tr:cal nov.-r material, and information costs. The obtained figur-s 
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for these "xrenses ranycvi i ^n^' -/K^ month for ^ cll 13,52 in 

, -^L- K 'k, 10 a 10: .'i liionth for c^dl 5,3 which is in 

southwestern Washii: .-ton. The cr at the Agency was $3 :0,602. 

By ijrpcsLQg t].^ combined input cost for the Agenq^ as the minlinal reference 
crit v'oB, eleven :idred eighty-eight (1188) cells were identified as being in 
excess of the minirrial amount; these cells were discarded from further analysis. 
The renuiLning one h;Lndred fifteen (115) cells all had tota] costs less than that 
of the Agency. 

These one hundred fifteen cells were then examined on the altitude criterion 
of a iTiaxiniiini of 3,000 feet elevation. Tliis procedure eliminated an additional 
fitty-eight cells, most of which were located in the Rocky Mountain states. 

Of tlie remaining fifty-seven cells, fift>^-five of them clustered in the 
Pacific Northwest region of Washington and Cregon. Cf the other two cell ^ 
.ocptions which had lower ^otal cost than tlie /^ency and meet the altitude 
criteriuu, one was in the Sacramento Valley region of Central California, and 
one was located on the state border between Okiaiionia and Texas • 

A coimuter- generated map which displays these findings is provided in 
Figure 2. The cell whicli contains the Agency is indicated by an 'T^" at 
coordinates 18,3 on the map. The 1188 cells which exceeded the cost at the 
Agency are indicated by tlie s^Tib :1s 4 througli 9, plus an asterisk. Each 
successive symbol from 4 t re'^esents a 10% increase in total cost. Thus, • 
the s --c^ol ' represents lOO-Li i of the cost of the Agency. The symbol "8" 
rcpr'-^ents a cost of 140-150^5 ov r tJ^at of the Agency. ''9*' indicates a cost 
of IF"-170%, and repres nts a cost greater than 170%. Those cells which 
had ] : wer combined cost thjr the Agency but did not meet the altitude criterion 
fi.e. they were located grearer C.im 3000 feet elevation) are marked with 
ar 'W. Those cells with total coiiibi-ed cost less than that of the Agency 
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vnu-:h vlicl ineot Ju' altitikU^ criterion m^^ juOiuiliud by the symbols $, 0, 1, 

aiic 5. $ indicates a cosr of less tii^ui ^a)% of the Agency's cost. "0'^ 
through rej-'resenl 5?^ incremont:. [rm !>0t lo 100^., Itie least cost cell is 
iRuicated by aji "L;" tho highes: ct'L] as indicated v/ith aji ''H." 



Insert I'igure 2 about here 

Hie analysis just describeu exa^iiiued all of the potential locations within 
th^^ continental United States, The a.lteniative of inoviaig the current Agency 
re: earch and developnient fur.ctions to one of these new locations is highly 
likely because of the ver/> high Ccipita] investment in present facilities. 
V^l-ia^t is more realistic is tliat im already existing government location would 
be assigned the Agency's current functions so as to utilize already existing 
facilities. To examine this possibility, all of the present related federal 
:inst:allatiGns were conipared. The results of this analysis are provided in 
Table 2, Ail sixteen facilities are listed by their respective cell coordinates, 
ilie locations are nmk ordered by increasing total, cost. For each location, 
r]ie rotal c: st is given c:r-- acH as the individual costs for power, shipping, 
iravel. ll\e altitude, rounded to the nearest 50 feet, is also provided. 



Insert Table 2 about here 

As cai'i be seen from this t: le, the Agency was ranked number 1 and had 
the least cr>st rS30C,602/month) :3.ssociated with perfonning its functions. 
Vvere these f^jncions to be moved to any other present federal location, it. 
would cost ipre to perf on^i them thcUVGi the present Agency location. The 
hjwest C16tnj r-mk-^d location ,:-;ll 15,49) had a total cost close to twice 
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that of the Agen.(.ry C$580,4S?/n)ori':.h") . The nridcile ranked (nijitn) location, had 
a total co'^t of $433 , S36/nion' :\ niv.l vvouJ'i require a monthly expenditure approxi- 
mately half agajji as >_(reat as the ciirrent cost or the Agency. 
B . Analysis II: Pot ential S ources of Infomation 

Analysis II exajnined the potential ratJier than tlie actual information 
inputs. .A^iain, thirteen hiuidred three cell locations were tested for combined 
pov^'er, material input, aiid potential information input costs. The obtained 
figures ranged from a high of $957 ,048/mon1ii for cell 13,52 in Long Island, 
New York, to a low of $235,670 for cell 5,3 in southwestern Washington. The 
total combined cost for the Agency, utilizing its potential information sources, 
was $285,612. 

Comparing each of thirteen hundred two cells ;vith the criterion cost o£ 
the Agency, twelve huiidred sL\ (1206) were found vdiich exceeded this value; 
they are indicated on the map by cost increment but were deleted from further 
analysis. *Ihie remaining ninety-seven (97) cells had total costs less than the 
Agency. 

As was done in Analysis I, these ninety-seven cells were examined as to 
whether they exceeded the maximum, altit^jde of 3,000 feet. After this examination, 
forty (40) more cells were eliminated from further analysis. This left fifty- 
seven (57) cells v,Mch met tJie altitude criteria and had less total cost than 
did the Agency. 

With the exception of one cell located in the Sacramento Valley region 

of California, all remaining cells which met the criteria were located in the 

\ 

Pacific Northwest region of Washington and Oregon. Figure 3 presents a computer- . 
generated map which s^jmmarized these data. 
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Insert, rrgi're 5 about here 

As was done La Malysis I, the alteiTiative federal locations wre ranked 
in terms of .increasing total cost. Table 4 shows that the present Agency 
location was agaLn ranked f:iisL as the least cost location C$285,6l2/month) . 
Cell IS, 49 was again vimif.ed last as the most expensive location ($539,986/inonth) . 
Cell 18,49 moved from ninth to fifth rank with a total montlily cost of $393,615. 
Tne new middle ranked (ninth) location (Cell 23,07, previously ranked sixth) 
had a cost of $403 , 289/month. 



Insert Table 3 about here 

By conii:)aring Tables 2 and 3 it can be seen that every location had a lower 
rest in Lhe potential infoimation analysis th;in it had in the actual information- 
tmalysis. The cost differential betv.'een the two analyses differed considerably 
depending upon specific location. For exan^jle. Cell 18,49 saved $40,000/month, 
because Cell 26,19 was already more optijiially located than Cell 18,49 (with the 
exception of altitude) . 
C. Vali^Jation of the Location Nfadel 

The computer algorithm created to undertake the present model is a form 
of sunulation modeling. As such, the results are only as good as the data which 
are provided as input to tlie program. Yet it should be pointed out that unlike 
many similations , the present model uses a comparative, rather than an absolute, 
techn" que; that is, the same data are applied to aU locations in order to draw 
comparative rather than absolute conclusions. Even if the data do not perfectly 
reflect the actual costs at tlie present .Agency location, they do reflect 
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coniparative differences botv/een the Agency unci all other locations. Hence, 
inaccuracies in die data do not introduce serious bias in favor of any one 
location . 

It is, nevertheless, useful to know hov accurate the data utilized in tlie 
present analysis are. To undertake this assessment, the conputer results were 
ccanpared wi.th budgetary data from I-T1975. Wliat follows describes that con5)arison. 

TJie power cost for tlie /igency generated by the computer simulation was 
$189,883/month. The total povver cost per month at the Agency was $218,888, , 
a difference of $29,005. ITie explaaiation for the discrepancy lies in the fact that 
the power figures used in the siiioilation were based upon electric costs only 
and did not include natural gas costs. Records of monthly gas costs provided 
by Agency personnel range from $25,000 to $30,000 per month. When thir amount 
for gas power is added to the electrical power costs, the con^juter estimate 
appears quite accurate. 

The only budgetary' data available indicated that the Agency allocated 
$3,083/month for shipping expense. The shipping costs calculated in the computer 
analysis amounted to $29,038/month. The difference of $2S,955/month is con- 
siderable. It must be noted, however, tliat the figure of $3,083/month does 
not include items that are shipped FOB nor does is include the cost of shipping 
items purchased under contracts and/or grants. Because it is based on a large 
sample of the items actually sliipped to and received at the Agency, the figure 
of $29,038 generated by the comj^uter is believed to be an accurate estimate of 
the total cost for sliipping all items to the Agency. 

The Agency budgeted ?82 ,S83/ii)cnth for tlie purpose of travel. The calcula- 
tions obtained from Analysis I estimated a cost of $81 ,681/month, a difference 
of $902/mcnth. This estLniate is well vvithin acceptable limits. 
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Since the costs caJ.ailatecl for tljo Agency by the computer algorithm 
approxiniate the actual budget e:q)ondi tvires at tlie research center, the methods 
used iji tliis study are assumed to have provided adequate infoiination for 
comparison among all potential locations, 

V. DISCUSSION 

In. this study the attempt has been made to extend one o£ the traditional 
specializations of economics , location theoiy, by explicitly including the cost 
of acquiring information in the functional equations. The results obtained 
demonstrate the iinportaiice and utility of including infoimation a^ a part of 
the optimizing function. From a theoretical point of view, however, there are 
several qualifications which seem appropriate* 

First, traditional location theory attempts to minimize the costs of 
similtaneously obtaining raw materials and distributing finished products. 
While the function in the present model included travel costs both, to and from 
the Agency (as in traditional location theory) , those costs were primarily for 
the purpose of acquiring information and only minimally for the costs of dis- 
seminating the information. (specifically, the travel to conventions for present- 
^ ing papers]. In this sense the model utilized' in the present research departs 
somewhat from its traditional form; future efforts should probably attenpt to 
include the full range of dissemination costs as wellvas acquisition costs. 

Second, the study was based tcpon the assumption that direct face- to*f ace 
communication between the Agency's research staff and its external sources of 
information was essential in order for the Agency to fulfill its tasks. 
Certainly, other forms of communication, such as letter and telephone, are 
also imj)ortant, though , they were not included in the present research. Further- 
more, in an era in whidi teleconferencing and other significant technological - 
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alternatives ro ti-a\-el cc^^^. i^y^: '"-V'Jo-: , p'iaciiig primary* eFipnasis on 

direct, faco-to -f<ice ccn-ir.iuiTC-L-cr: v\i> "-.c !..-?:\:vVjji;- on anacronistic. 

Third, 'Jie cost fijaiie as:-. ; >^rry.i t oorirTurricax j ca wiis highly restricted. 
Several aJdiuional fGclors which s!0:..r: ;iih^l^■ contr-^biitc to the cost of 
coniraunicating were o^Dirted. i'or ex.ir.ple. neither ^£he cost of the time spent 
in coTTimiir.icating C^^-"' tlie innu of sa:arios) n:^^^the cost of support personnel 
and/or inaterials C^^^ -in havjvi;^ a seci^-uai).- .'^^r ra^lge travel plans or preparing 
materialrO weie inciU'J.od. ^ 

Fourth, any significaxit tiieory of tr.e econor^cs of information must come 
to grips with the problem) of nieasiirirg inioni>atic^u As yet, no standard unit 
exists for quantifying mion^liov. I'licertaiiit)'/ (entropy) measures, \A\ich 
coniprise the only sii^iif icanr attempt to solve lLis problem, . have so far proved 
largely intractable to practical appiicaLions./ Since the amount of information 
obtained by personnel in ihe present y tudy was unknown, the problem was circum- 
vented by substitutiTi;- tliC cost of flccjUjT^ng information for the actual cost 
of the information. 

Finally, from the vievipcitit of econoiric theor)-^, once a unit measure has 
been established it wil i be in:portrj't to as^sign a 'Value*' to the unit. The 
facerto-face comnrairicauicri coiitact;- v;ri.c)i were ex«iinined iji the present analysis 
probably T'u).;^ed £ro].^ --'y/t.-les^ ix hig!:'// A'aliiable. though no attempt was made 
to assign value to lu-y of thci;;, ^'nly "'i'-''^'^ v>c- kiiow ho;v to assign value directly 
to a unit of Liformar^ion will it: be ror>sible to forna:ilate a significant economic 
thee "TTia.tion. 

.ese MTd.tations, t:h:- results indicated that from the standpoint 
of powder c .., ma^ rial shippin;' costs, c ronmental criteria and the costs 
of acquiring information, the present ] oration of the Agency was nearly optimal . 
Not only v/as it runJced in the Lc^p i'(-;r percent (4^;) of the possible nationwide 
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locatio3i3 in. both tJie aciucil ajic potential infomation analyses,, but it also 
had the Icn-zest rotai cost vaiut- cf all present alternative feder .1. ■'.ns tallat ions . 

It should be mentioned that tlie redmiques used in the Icc.iticn sirmilation 
did not bias the results In favor of the Aj^ency's pre.-- :nv location . Whilo it 
is true that r.he current functions of the ;\gency were utilized for the param- 
eters of the system, it -was entirely possible that those functions could have 
been ■ re cost -effectively met at niany other locations. In fact, such was the 
case, ince approximately 4% of tlie cells were identified as being less expensive 
tncui t:rJ present /agency location. None of these cells, however, contained 
other federal facilities, and hence, did not constitute very viable alternatives. 

A healthy word of caution does seem in order, however. As with any 
simulation, the findings should be interpreted with care. Every simulation is 
an abstraction which selects cerraLn aspects of a process and emits others. 
Tne elements selected for inclusion in the present analysis were considered 
most important in tenns of cost. Yet other apsects might also be included. 
For example, the cost of labor differs considerably by geographic region. While 
the majority of the Agency's personnel are classified as "government service" 
and hence would be paid the same amoun.t wherever they were located, there still 
remains a sizeable nujiiber of eiuployees wlip do not have C.S. ratings and would 
therefore receive wages in accordance \vith tlie local labor market. . Yet low 
wages tend to be associated vd.th those geographic areas that possess. few 
skilled workers. VsTien this is combiiied with the fact that the Agency requires 
a fairly skilled staff of so^Tport v/orkers,, it becomes apparent that locating 
the Agency in a region where the labor force is unskilled though cheap is 

* -jr variables, sucli as economic impact on surrounding comrnimity. air 
pollution, effect on natural resources, etc., could, of course, be mentioned. 
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Cost Per Pound Per Mile- 

'J e 3 of I'rn nf tjoj* t rj t i on 
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2001-3000 



■JCrl % . '■)0j1 !;■ 7/11) . /''.'Hi 
.Aili; 3.:;0:^^:2/lb./;:ii 
11. S . ' 1 ■0"';-31-' / lb . 



'5.00'007588/lb./ini 
S-OOOl-^S/lb./ini. 



S0000319/lb.A:i, 



S. 00006277/1 b. /mi, 

S.C000985/lb./-i. 
S. C 0007. 56/1 b./ni. 
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TABLE 2 

. ANALYSIS I: RANK ORDER OF SELEQB INDERAL R 5 D INSTALUTIONS BY TCTAL m 

Cell Total Power Shipping Ualv. Ind. Gov't. Conf/Conv Altitude 

Rai]]( Location SvitIjoI Cost Cost Cost Travel Travel Travel Travel 

L (18, 03) j 300^ 602 ^189„883 $29,Q3S $4,332-1)3^,010 $37, 7 52 $5,387 500 ft. 

2. (29.30) 5 $ 338.506 $223. 218 $^,340 $4>160 $31,747 $25 ,861 $9 ,180 100 ft. 

2; (19,09) ^^W. $2.63,874 $34,158 $3,664 $25,090 $32,054 $4,391 3,000 ft. 

[26,19L m^^l $ 276,214 $ 42,469 $3, 417 $2 2,57 5 $?7 J11 $ 5,905 5,000 ft. 

5^__J22,07)_ / ?309.68a _S3^,40? $4,003 $26,065 $33,1 76 $4 ,163 1, 500 f t. 

■0, P;O^L.,.:.J $;;i:M5]_J31i), 056 $35,435 ?4.046 $25,586 $33.196 $4,081 250 ft, 

2: (£2,0^ I ^ ^p:Q^U21ij:M.._iiji^^ ^-^'^^^ v ^'"^^ ' •^^'■ '^ 

L ...JUM _ L _ J:i/1,£0 j233.8^0 $56^460 $4, 6^ 4 $45,556 $24,!2C $11,.536 l,COO_[t, 

Jl?/^^ i_ J^35,33!: $256, 1&5- $68 ,036 $5,560 $62,5Q1 $26,946 'Ak,m ]00_n. 

]0.__jl8_,'l9) 8 $433^ 336 $256,185 $68,036 $5,560 $62,59 1 $26,946 514, 019 !C 0 fi. 

U. (12,53) 8 ,$433.742 $31 1,852 $48 . 243 $3,440 $56,803 $24,022 $9.382 1,000 ft . 

12. (29,55) 8 $436.582 $305,866 $50,252 $4,718 $39,552 $25,514 $10,626 100 ft . 

13. (29,36) 8 $^40,310 $305,820 $51,882 $4,813 $41.230 $25.617 $10,948 100 ft , 
1^. (l?,43) 8 $448.354 $295,322 $58,869 $4,549 $52,573 $25,037 $12,004 1,000 ft . 

15. (51,45) 9 . $497,239 $319.485 $67,668 $6.109 $59,806 $30.216 $13.946 100 ft . 

16. (15,49) * $380.482 $404,583 $67 ,367 $5.407 $62,473 $26,780 $13,873 
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TABLES 

A«IS II: Om OF SELECIB FEDFm R f, D INSTALLATIONS BY TOTAL COST 



ERIC 





Cell 

Location 


S>ibol 


Total Power Shipping 
Cost Cost Cost 


Univ. Ind. Gov't. 

Travel Travel Travel 


Conf/Conv 
Travel ' 


Altitude 


1, 


(18,03] 


N 


$285,612 $189,883 $29,038 


$ $23,522 $37,752 


$ 5,387 


5[ ft. 


2. 


(29,301 


5 


$331,467 $223,213 $44,340 


$2,862 $26,006 $25,861 


$ 9,180 


100 ft. 


3. 


fI9,09] 


A 


$355,808 $263,874 $34,158 


$ 762 $20,568 $32,054 


$4,391, 


3,000 ft. 




(26,19] 


A 


$377,229 $276,214 $42,469 


$2,268 $22,461 $27,911 


$ 5,905 


5,000 jt. 


S. 


(18,49) 


7 


$393,615 $256,185 $68,036 


$1,243 $27,186 $26,946 


$14,019 


10 : ft. 


6. 


(18.49) 


7 


^393,615 $256,185 $68,036 


$1,253 $27,186 $26,946 


$14,019 


11 L. 


7. 


(23,40) 


8 


k 

$401,527 $282,890 $56,460 


$1,539 $24,982 $24,120 


$11,536 


1,01' ft. 


8. 


(22.07) 


8 


$402,169 $309,688 $34,407 


$ 185 '$20,550 $33,176 


$ 4,163 


1,5' ft. 


9. 


(23,07) 


8 


$403,289 $310,056 $35,485 


$ 40 $20,430 $33,196 


$ 4,081 


230 ft. 


10, 


(22,05) 


8 


$412,133 $316,042 $33,664 


$ 438 $21,909 $35,437 


$ 4,643 


1,500 ft. 


11, 


(12,43) 


8 


$416,413 $295,322 $58,869 


$ 486 $24,695 $25,037 


$12,004 


1,000 ft. 


12, 


(12,33) 


8 


$417,945 $311,852 $48,243 


$ 761 $23,685 $24,022 


$ 9,382 


1,000 ft. 


13, 


f. 

(29,35) 


8 


$426,634 $305,866 $50,252 


$2,542 $26,833 $25,514 


$10,626 


lOO ft. 


14, 


(29,36) 


8 


$423,751 $305,820 ,$51,882 


$2,504 $26,980- $25,617 


$10,948 


100 ft. 


IS. 


(31,45) 


'9 . 


$464,900 $319,485 $57,668 


$2,889 $30,687 $30,216 


$13,946 


100 ft. 


16, 


(15,49) 


* 


$539,986 $404,583 $67,367 


$ 862 $26,521 $26,780 


$13,873 


100 ft. 
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